One of the common industrial structures that are used widely in many harbors and factories are overhead crane. Overhead cranes are usually operated manually or by some conventional control methods. In this study, a new combination of nonlinear backstepping scheme with fuzzy system is presented to control both position regulation and anti-swing control to avoid collision with other equipments. This study uses two different fuzzy systems: off-line and on-line to consider different concept. The backstepping design procedure consists of two steps. In all steps to design backstepping controller, Lyapunov stability theorem is used to stability analysis and control design problems. Furthermore, the stability of the overhead crane with nonlinear fuzzy backstepping controller is discussed. Simulation results illustrated the validity of the proposed control algorithm.
INTRODUCTION
Overhead cranes are widely used in industry transportation system such as factories, harbors, workshops, building and rubbish manipulation to transport all kinds of massive goods. The goal of controlling the overhead crane is transporting the payloads to the required position as accurately as possible without collision with other equipments. So, it is necessary to control the crane such that the swing angle of load, the position error of trolley and the control signal are minimized.
Different control methods have been developed for reducing position error of trolley and swing angle of load. Linear and nonlinear control solutions are developed in Karkoub and Zribi, 2002; Goritov and Korikov, 2001; Yu et al., 1995) to design feed-back and feed-forward controllers. Some fuzzy-based solutions are also developed in to design feed-back and feed-forward controllers (Benhidjeb and Gissinger, 1995; Liu et al., 2003; Liu et al., 2005a; Orbisaglia et al., 2008) . Anti-swing control methods based on sliding mode control have been proposed in Liu et al. (2003 Liu et al. ( , 2005a , Orbisaglia et al.
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(2008), Corradini and Orlando (2007) , Bartolini et al. (2000) and Liu et al., (2005b) . Furthermore, gain scheduling (Guo et al., 2005) , input shaping control (Singhose et al., 2000; Singhose et al., 1994) , neural network and state feed-back control (Moreno et al., 1998) and cerebellar model articulation controller (Rodriguez, et al., 2007; Albus, 1975) have been used to control swing angle of an overhead crane. This paper introduces a new combination of backstepping scheme with fuzzy system to obtain better performance of the nonlinear controller to control the trolley position and load swinging angle of an overhead crane.
DYNAMIC MODEL OF OVERHEAD CRANE
An overhead crane system with a suspended load is shown in Figure 1 . It is made up of a trolley moving along a horizontal axis by applying a force F, with a load hung from a cable (Chang, 2007) .
Denoting with m the trolley mass, the load mass, l the cable length, g the gravitational acceleration, x the position of the gantry along horizontal axis, the swing angle of the cable with respect to the vertical and F the force applied at the gantry; the dynamic equation of the overhead crane system in the x-y plane is derived as follows (Guo Weiping et al., 2005) , (1) where , ,
Using (1) and by choosing, , ,
where .
BACKSTEPPING CONTROLLER DESIGN
The backstepping design procedure consists of two steps (Bing et al., 2006):
Step 1: We introduce the variable as
, (3) where K is a design constant to be chosen. Then, we compute the derivative of as, ,
Substituting from Equation 2,
.
Now we consider the first Lyapunov function as .
so the derivative of is .
Substituting from Equation 2, .
We stress that, due to the design flexibility of backstepping, we can choose a variety of 'stabilizing functions' to make negative definite. It means that, ,
Using Equation 8 and 9, we have, , So we can choose 'virtual control' as,
. (11) Substituting Equation 11 into 8, we obtain .
Step 2: The corresponding error state variable is defined as ,
So .
Then, we compute the derivative of as, ,
Substituting Equation 2 into 14, . 
now to guaranty the stability, should be negative definite, so, ,
Using Equation 18 and 19, we have, ,
so the control law is as below, .
DESIGN OF NEURO-FUZZY APPROXIMATOR SYSTEM (OFF-LINE CONTROL)
Here, we try to use the approximator ability of fuzzy approach to improve the performance of controller. The block diagram of pure backstepping method is shown in Figure 2 . Now, we are going to estimate the output of backstepping block via a neuro fuzzy system. As a function of , , , , the inputs of the fuzzy system were the stated and the output was estimated control signal. This estimated torque plus the output of backstepping block is applied to control the overhead crane system. We ask the backstepping block to demonstrate what it does in some typical situations. In the process of demonstrating that, we view it as a block box and measure the inputs and the outputs; at that point, we collected a set of input-output data pairs. Then this paper creates a fuzzy system to match this set of input-output data. Our fuzzy system is an adaptive neuro-fuzzy inference system (ANFIS) with three bell-shaped membership functions for each input and 81 rules. The configuration of this hybrid controller is shown in Figure 3 .
DESIGN OF FUZZY NEURAL NET (ON-LINE CONTROL)
Here, we use the fuzzy neural net (FNN) with error backpropagation training algorithm to approximate the control torque. We estimated the output of backstepping block via a fuzzy system and use gradient descent to train FNN. First, the structure of the FNN should be specified. The FNN was chosen with singleton fuzzifier, product inference engine, gaussian membership function and center average defuzzifier given as: (22) Where M is the number of rules, , and are adaptive parameters. These parameters are updated in error backpropagation method. Our algorithm involves three-layer feedforward network (Chen et al., 2006) . The input of FNN is and the output is estimated control torque. The input-output pairs in backstepping block are ( and they were collected one at a time because we had an on-line control. The procedure of designing is the same as the steps in (Benhidjeb and Gissinger, 1995) . The configuration of hybrid controller is shown in Figure  4 .
SIMULATION RESULTS
In the simulations, the basic parameters are: m=5 kg, Saedian et al. 2223 m/s, =0.1 rad, =0.1 rad/s. Figure 5 shows the overhead crane dynamics using nonlinear backstepping controller and the control signal F, are shown in Figure 6 , and Figure 7 shows the errors and .
CONCLUSION
This study develops a nonlinear backstepping scheme with different approaches such as a neuro fuzzy system and a fuzzy neural net to control position regulation and swing angle. By combining backstepping scheme and a neuro-fuzzy system or a fuzzy neural net, we could improve the performance of controller, and system's stability is obtained through these controllers completely and in a short time.
